PURPOSE: There is an increasing need for accurate prognostic stratification of patients with Stage II colorectal cancer to identify a subgroup of high-risk patients who may benefit from adjuvant therapies. This study was designed to evaluate the prognostic impact of a wide spectrum of pathologic parameters in a consecutive series of homogenously treated and well-characterized patients with Stage IIA (T3N0M0) colorectal cancer. METHODS: The study included 238 patients operated on by a single surgeon for Stage IIA colorectal tumors. The median postoperative follow-up was 110 (range, 96-120) months. At least 12 lymph nodes were harvested and examined in all the resection specimens. The prognostic value of 13 pathologic parameters, including lymph node occult disease (micrometastases) detected by immunohistochemistry, was investigated. RESULTS: Multivariate analysis identified tumor growth pattern (expanding or infiltrating; P = 0.01) and extent of tumor spread beyond muscularis propria (e5 mm or >5 mm; P = 0.04) as the only factors having independent prognostic value. The combination of these two easily determined parameters allowed us to identify two groups of patients at low risk or high risk of tumor recurrence. The eight-year survival rates were 83.3 and 53.4 percent for the two groups, respectively. The high-risk group comprised those patients with infiltrating tumors and extramural tumor spread > 5 mm. CONCLUSIONS: We propose a new and simple prognostic model to identify patients with high-risk Stage IIA colorectal cancer for whom adjuvant therapies may be justified and effective. [
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The recently revised American Joint Committee on Cancer (AJCC) sixth edition cancer staging system 8 has stratified Stage II, i.e., Dukes B Stage, into two subsets-Stage IIA and Stage IIB-on the basis of whether the tumor is T3 or T4, respectively. Tumors classified as Stage IIA, i.e., invading through the muscularis propria into the subserosa or nonperitonealized pericolic/perirectal tissues, have a significantly better prognosis than Stage IIB tumors, which directly invade the peritoneum or other organs/structures. 9 A possible explanation for this finding is that Stage IIB tumors may not have received proper en bloc surgical resection, so that residual disease was not excised. 9 Recently, several clinical studies have addressed the issue of whether tumor relapse in Stage II tumors is related, at least in part, to the presence of LN occult metastases, i.e., single tumor cells or cell clusters, which are not revealed by routine hematoxylin-eosin staining of histology sections. [10] [11] [12] [13] [14] [15] [16] Unfortunately, previously reported results on the prognostic and clinical impact of LN occult tumor cells, identified by immunohistochemistry or reverse transcriptasepolymerase chain reaction, are controversial. [10] [11] [12] [13] [14] [15] [16] This discrepancy may be the result of the fact that the majority of published studies have not subdivided nodal occult tumor cells into micrometastases (MCM) or isolated tumor cells on the basis of their dimensions as recently recommended by the new TNM-AJCC classification. 8 Isolated tumor cells are classified as single tumor cells or cell clusters measuring < 0.2 mm and are given a pN0 designation because their prognostic significance is still undetermined. 17 MCM are defined as clusters of cells that measure > 0.2 mm but < 2.0 mm and are designated by pN1 (mi) because they have shown potential malignant capability. 17 This study was designed to evaluate the prognostic impact of a wide spectrum of pathologic parameters, including LN MCM, in a large series of patients curatively operated on for Stage IIA colorectal cancer. In particular, our goal was to identify a subset of patients at high risk of tumor recurrence for whom adjuvant chemotherapy may be of benefit.
PATIENTS AND METHODS
Between 1988 and 1997, a total of 587 consecutive patients underwent potentially curative resection of colorectal tumors by the same surgeon (CC) at the Department of General Surgery, University of Florence, Italy; 238 patients had tumors classified as Stage IIA (T3N0M0), according to the sixth edition of the AJCC staging system, 8 and were included in the study (131 males; 55 percent; median age, 67 (range, 38-88) years). Cases with synchronous or metachronous tumors, familial adenomatous polyposis, or hereditary nonpolyposis colorectal cancer were excluded. Tumor distribution was as follows: 68 (28.6 percent) in the proximal colon (up to the splenic flexure), 90 (37.8 percent) in the distal colon (up to the end of sigmoid colon), and 80 (33.6 percent) in the rectum. Surgical resection was defined as radical when there was no evidence of distant metastases and the clearance of the tumor was complete, both macroscopically and histologically. Complete circumferential excision of the mesorectum was performed in all patients with tumors of the middle and lower rectum. Both the longitudinal and radial margins of all resected specimens were microscopically free of tumor. A distal clearance of at least 2 cm of healthy mucosa from the lower edge of the tumor was provided in all patients. Each patient was followed up for at least eight years (median value, 110 (range, 96-120) months) or until death. Only deaths attributable to recurrent cancer were counted as events in the process of survival evaluation. All surviving patients had been thoroughly informed about the study and gave written consent for the investigation in accordance with the ethical guidelines of our university. No patient received preoperative or postoperative radiotherapy or chemotherapy.
Pathologic Evaluation
The resection specimens were fixed in 10 percent buffered formalin for 24 hours and an adequate number of sections was sampled from each tumor (mean, 6 (range, 4-12) sections) for microscopic examination. All tissue sections were embedded in paraffin and stained with hematoxylin-eosin. The mesocolic/mesorectal fat was dissected meticulously by using a manual technique, and a median of 18 LNs (range, 12-42) was harvested and examined per tumor specimen. Cases with fewer than 12 LNs examined or showing tumor nodules with LN-like shape in the peri-intestinal fat were excluded from the study. Lymph nodes were bisected and three consecutive 5-mm-thick sections were cut from each paraffin wax block containing LNs. The original histologic slides of both the tumors and LNs were reviewed by the same pathologist (LM), who had no knowledge of each patient_s outcome. All cases were confirmed to be free of LN metastases.
Tumor morphology and size were ascertained from the original pathologic reports. Tumor morphology was classified as exophytic or nonexophytic. We categorized tumor size into two groups, e5 cm and >5 cm, on the basis of the mean value of the maximum diameter of the tumors. Microscopic assessment included the recording of tumor histotype, tumor grade, tumor growth pattern, peritumoral lymphocytic infiltrate, desmoplastic response, Crohn_s-like lymphoid reaction, involvement of extramural veins and lymphatic vessels, and extent of tumor spread beyond muscularis propria. Tumors were classified as mucinous or nonmucinous, according to the amount of the mucinous component (respectively, more or less than 50 percent of tumor volume). Tumor grade was categorized as low grade, including well or moderately differentiated carcinomas, and high grade, including poorly differentiated, undifferentiated, and mucinous cancers.
The pattern of tumor growth, expanding or infiltrating, was assessed according to criteria defined by Jass et al. 18 In particular, the growth pattern was classified as expanding when advancement of the tumor was clearly evident and the tumor had pushed into the surrounding tissues, thus creating a welldelineated border. It was defined as infiltrating when the tumor dissected the muscularis propria and periintestinal tissues with small glands or irregular clusters or cords of cells without a distinct border. Peritumoral lymphocytic infiltrate was defined as conspicuous when there was a distinctive cuff of lymphocytes at the invasive margin of tumor growth or as little/absent when the lymphocytic cuff was not present, in accordance with criteria set by Jass et al. 18 Desmoplasia was evaluated at the advancing edge of the tumor and categorized as extensive when most of the tumor area was surrounded by fibrosis or as nonextensive in the remaining cases, according to the criteria defined by Halvorsen and Seim. 19 Crohn_s-like lymphoid reaction at the invasive margin of the tumors was classified as absent or present according to the criteria established by Harrison et al. 20 Involvement of extramural veins and lymphatic vessels was assessed according to the criteria of Talbot et al. 21 The extent of tumor spread was determined as a measurement from the outer border of the longitudinal muscle layer to the most distant point of tumor spread and divided into two groups: slight/moderate if e 5 mm, and extensive if > 5 mm.
To allow the maximal standardization and reproducibility of our results, pathologic evaluation of all these parameters was reviewed according to the guidelines recently proposed by the Colorectal Working Group of the AJCC. 22 
Immunohistochemical Staining and Lymph Node Micrometastases Definition
For each case, 12 new serial 5-mm-thick sections were obtained from the original paraffin blocks of the recovered LNs and were mounted on microscope slides. Staining procedures were conducted by using an automated immunostainer (Ventana NexES \ ; Ventana Medical Systems, Tucson, AZ). Sections were deparaffinized in xylene and rehydrated in a descending ethanol series. Microwave-based heatinduced epitope retrieval was performed. Endogenous peroxidase activity was blocked by immersion for ten minutes in 0.3 percent hydrogen peroxide in methanol solution, followed by a single wash in phosphate-buffered saline (PBS; pH 7.4). Sections were incubated with the monoclonal antibody anticytokeratin 20 (CK20) (clone Ks20.8 \ , Cell Marque Corporation, Hot Springs, AR). The immunostaining was developed by using 3,3 0 -diaminobenzidine as chromogen. Appropriate positive and negative controls were added on each automated immunohistochemistry run to confirm the sensitivity and specificity of the antibody (sections of CK20-positive CRC tissue served as positive controls; negative controls were obtained by omitting the primary antibody). The immunostained slides were evaluated by the same pathologist (LM), who had no knowledge of pathologic data or each patient_s outcome.
Clusters of cells detected by CK20 immunostaining were considered as metastases only when they showed unequivocal morphologic features of cancer cells. According to the sixth edition of the TNM system by the AJCC, 8 immunostained tumor cells Vol. 50, No. 6 PROGNOSIS IN STAGE IIA COLORECTAL CANCER found in LNs were classified as MCM only when tumor deposits measured > 0.2 mm but < 2.0 mm (Fig. 1 ).
Statistical Analysis
Survival time was calculated from the date of surgery to the date of death or last follow-up. The relationship between pathologic variables and survival was estimated by using the Kaplan-Meier method. 23 Differences among the survival curves were tested for statistical significance with the help of the log-rank test. The Cox proportional hazard regression model 24 was used to identify the pathologic factors that could independently influence survival. STATA \ Statistical Software release 6.0 (College Station. TX) was used for all the analyses. P < 0.05 was considered significant.
RESULTS
Pathologic data regarding the 238 patients are summarized in Table 1 . At the time of analysis, no patients were lost to follow-up and there had been 53 cancer-related deaths. Among these, 46 were caused by distant metastases and 7 by locoregional recurrence after resection of rectal tumors. When all 238 patients were considered, the eight-year survival rate was 77.3 percent (Fig. 2) . Intraobserver agreement on growth pattern and lymphocytic infiltrate evaluation were evaluated in 85 patients by measur-ing the k coefficient. These patients were examined for the first time by our pathologist (LM) in 2002 5 and then reevaluated for the present study. The k value reached 0.91 and 0.82 for the two parameters, respectively, thus demonstrating almost perfect agreement.
Among the pathologic parameters estimated, tumor growth pattern, Crohn_s-like lymphoid reaction, extent of spread beyond muscularis propria, and LN MCM were shown to be significantly correlated to patient survival according to univariate analysis ( Table 2 ). Survival was analyzed within each group of patients with different tumor location: the prognostic value of all the pathologic features did not significantly differ between patients with colon and those with rectal tumors (data not shown). Among the four prognostic parameters, Cox regression analysis selected the growth pattern and the extent of spread beyond muscularis propria as having an independent prognostic value ( Table 3 ). On the basis of this result, patients were classified into four groups considering all the possible combinations of the two independent prognostic factors. No significant differences in median age, male/female ratio, and tumor location were found among the four subsets (data not shown). The survival rates of these groups were evaluated and compared (Table 4 ). Those patients with tumors having an infiltrating growth pattern in combination with extensive extramural spread showed a 53.4 percent eight-year survival rate, whereas the other three groups, when pooled together, showed a comprehensive eight-year survival rate of 83.3 percent. Therefore, two distinct groupshigh-risk and low-risk-with a significant difference in survival rates (P < 0.0001) were identified ( Fig. 3 ).
DISCUSSION
Patients with Stage II colorectal cancer show the highest variability in clinical outcome with their fiveyear survival rate ranging between 60 and 75 percent. [3] [4] [5] [6] The use of adjuvant therapy in these patients remains controversial, [25] [26] [27] [28] and increasing attention is being focused on the identification of new factors, which may enable a more accurate patient prognostic stratification within this stage. According to recommendations of the new AJCC sixth cancer staging edition, 8 recent studies have demonstrated that patients with Stage IIB (T4N0) tumors have a significantly worse prognosis than patients with Stage IIA (T3N0) tumors, 9 suggesting that patients classified as Stage IIB may benefit from adjuvant therapies. Based on these results, our study exclusively focused on patients classified as Stage IIA to identify new subgroups of patients at high risk of tumor relapse by analyzing the actual prognostic impact of a wide spectrum of pathologic parameters.
A pivotal step in classifying a tumor as Stage II is the accuracy of LN harvesting and examination. The AJCC recommends that a minimum of 12 LNs be examined to accurately predict node negativity in colorectal cancer, and recent studies have shown that the five-year survival rate of patients classified as Stage II progressively increases with the number of nodes examined. 29 If few lymph nodes are examined, there is an increased risk that at least one metastatic LN is missed in the resected specimen and thus, a patient who is truly Stage III is mistakenly classified as Stage II. 5, 30 As a consequence, we included in the present study only those patients with at least 12 harvested and examined LNs, reaching a median value of 18 LNs sampled when all 238 patients were considered. To both improve accuracy of pathologic examination and evaluate the potential prognostic impact of nodal occult metastases in our patients, we investigated the presence of nodal CK20-positive tumor cells missed during routine hematoxylin-eosin staining. We considered as true MCM only those tumor cell clusters that measured > 0.2 mm but < 2.0 mm. MCM have been shown to be the only type of nodal occult disease to have metastatic activities, such as cell proliferation, stromal reaction, or extravasation, 17 and are designated as pN1 (mi) by the most recent TNM-AJCC classification. 8 Our survival analysis confirmed this datum, showing a worse prognosis in patients with MCM than in those without them. However, the presence of MCM did not show an independent effect on survival at multivariate analysis. This is probably the result of the relatively low incidence (8.4 percent) of MCM in our series of patients, despite the high number of both LNs and nodal cut sections examined.
In clinical practice, the more independent prognostic factors we have, the more accurately we can predict the clinical outcome of patients. We investigated the prognostic significance of a large number of pathologic parameters and identified two of them as having an independent predictive value according to multivariate analysis. Tumor growth pattern was first proposed by Jass et al. 18 in their prognostic classification of rectal tumors in conjunction with peritumoral lymphocytic infiltration, tumor spread, and lymph node involvement. Although Jass_ new grading system was shown to have superior prognostic value to Dukes staging, it has not been recommended for routine usage in standard reporting protocols because some studies have raised the criticism of poor reproducibility and reliability of the growth pattern and lymphocytic infiltrate. 20, 31, 32 In two previously published studies, we have shown the lack of any prognostic significance of lymphocytic infiltrate but a strong correlation between tumor growth pattern and survival in patients with LN-negative and patients with LN-positive colorectal cancer. 3, 33 In the present study, we reconfirmed these data in patients classified as Stage IIA, thus demonstrating, in accordance with the experience of other authors, 2,34-37 the reliability of the growth pattern as an objective predictor of prognosis. In particular, the College of American Pathologists Consensus Statement in 1999 2 stated that the potential subjective character of this promising prognostic factor can be maximally reduced if its assessment rigorously follows the definitions published by Jass et al. 18 The strong correlation between the pattern of tumor growth and clinical outcome may be explained by the biologic relationship of this parameter with the nature of the advancing tumor margin, which is considered the most representative area of the tumor aggressiveness. In fact, the pivotal steps in local invasion and metastasis of a solid tumor are considered to be both dissociation and migration of neoplastic cells out of the main tumor at the invasive front. 38 The evaluation of growth pattern most likely reflects these tumor characteristics.
The other independent prognostic factor that emerged from our survival analysis is the extent of tumor spread beyond the muscularis propria, that is, spread into the subserosa for colon and intraperitoneal rectal cancer or into the mesorectum for extraperitoneal rectal tumors. It is worth emphasizing that subserosal involvement is not synonymous with peritoneal involvement; subserosa and serosa are two distinct tissue layers. 39 As mentioned earlier, peritoneal involvement has been shown to be a strong, independent, prognostic factor in colon cancer 4, 6 and has been designated with the major local tumor stage categorization of T4 by the AJCC. 8 The unfavorable prognosis linked to serosal invasion is most likely the result of the high probability of tumor transcoelomic dissemination at the time of surgery 6, 9, 39 and, thus, to incomplete tumor removal. However, our finding of a significantly worse prognosis for patients with extensive extramural spread (>5 mm) compared with those with slight/moderate spread (e5 mm) may be ascribed to a diffuse Although the prognostic importance of venous and lymphatic invasion by tumor has been strongly suggested in the literature, 2 we did not find any correlation between these two parameters and the clinical outcome of our patients. Most studies reporting a prognostic value for venous invasion included patients with Stage I to Stage IV colorectal cancer. 2 However, at least four previously published studies failed to show any prognostic impact of venous invasion in patients with Stage II colorectal cancer. [40] [41] [42] [43] It might be hypothesized that invasion of blood vessels, especially large extramural veins, is a late event in the process of tumor spread and thus is prognostically relevant only in patients with tumors at advanced stage or with proven ability to establish metastases. As for lymphatic invasion, its prognostic significance has been reported to be linked to lymph node metastasis prediction. 44 The exclusion of potentially understaged patients (i.e., those with < 12 lymph nodes examined in the surgical specimen) and the low incidence of micrometastases may explain the lack of any predictive value of this parameter in our series of patients.
Interestingly, we found that growth pattern and extent of local spread can be effectively combined to provide a robust and simple prognostic model. We were able to divide patients into two categories with a low risk or high risk of tumor-related death. The low-risk group resulted from the combination of both patients with expanding tumors, independently of the extent of tumor spread, and patients with infiltrating tumors but slight/moderate spread. These patients showed similar prognoses and a cumulative 83.3 percent eight-year survival rate. Although our analysis was not comprehensive of all the possible pathologic determinants of tumor aggressiveness reported in the literature, the $16 percent incidence of disease relapse in this low-risk group is most likely caused by potential patient-related factors, such as a deficiency in the immune response against the tumor. The high-risk group comprised those patients with infiltrating tumors and extensive tumor spread, showing a cumulative 53.4 percent eight-year survival rate. This rate is similar to that reported in previous studies for patients with Stage III or Dukes C, i.e., those with metastatic lymph nodes. 5, 9, 45 As a consequence, the administration of adjuvant therapy may be justified and effective in this class of patients.
CONCLUSIONS
We investigated the predictive value of a wide spectrum of pathologic parameters in a large series of homogenously treated and characterized patients with Stage IIA colorectal patients. Our survival analysis identified both the growth pattern and extent of local tumor spread as having independent prognostic value. By combining these two easily determined parameters, we were able to elaborate a new and simple prognostic classification that could help to identify a subset of patients with poor outcome who may then benefit from adjuvant therapies. However, future clinical trials using multicenter patient cohorts should be prospectively performed to evaluate the reproducibility of our results and the opportunity of using this prognostic model in routine practice.
